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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MEMORANDUM 3 -8-59A 

INVESTIGATION OF AN EXTERNAL-COMPRESSION SIDE 

INLFT AT MACH NUMBERS OF 1.6 TO 2.0* 

By John J. Gawienowski 

SUMMARY 

A wind-tunnel invest igat ion of a model with d ible-ramp e : ternal-  
compressiori s ide  Lillzts w a s  conclacted to deternine the  im mvemmts i n  

i n l e t  and d i f f u s e r  modifications. The t e s t s  were conducted a t  Mach 

8 r? ~~ 3- - :? . . performance a t t a i n a b l e  at anaes of a t tack  f 1 - o ~ ~  -i+- uv 10 ~ ~ d i ~ l ;  . u.L r . ~ r , : ; c  L V  Y l  

iiiiibzi-s 1.60 to 2.9, 226 ~t 2 Reynolds ni.imher of 2 .6~10" per  fool;. 

0 
Up t o  6 

removal yielded higher total-pressure recovery, a g r e a t e r  range of s t a b l e  
mass-flow r a t i o s ,  and lower compressor face  d i s t o r t i o n  than an i n t e r n a l  
f l u s h  s l o t  boundary-layer-removal system. A t  angles of a t t a c k  g r e a t e r  
than 6 O ,  increasing the i n l e t  ramp cant angle from -2' t o  -10' improved 
p'ress1~i.r~ r ~ c o v e r y  and generally increased the stable mass-flow range, 
but a l s o  increased d i s t o r t i o n .  Tne addi t ion of' a top fali-lng p ~ o v c d  t o  
be detrimental  t o  i n l e t  performance a t  angles of a t t a c k  g r e a t e r  than 6 O ,  
while the addi t ion of a l a t e r a l  ramp extension improved pressure recovery 
and the  s tab le  mass-flow range but increased d i s t o r t i o n s  a t  angles of 
a t t a c k  up t o  12". 
i n l e t  when a missi le  w a s  mounted external ly  i n  t h e  f i r i n g  pos i t ion .  

angle of a t t a c k  a porous ramp means of boundary-layer 

Severe perafcjimance penal t lcs  w e r e  experienced by t.he 

INTRODUCTION 

Side i n l e t s  generally experience severe performance penal t ies  a t  
angles of a t tack  grea te r  than approximately 6'. 
reduced pressure recovery, l imi ted  s table  mass-flow range, and l a r g e  
compressor face d i s t o r t i o n s .  

Such penal t ies  a r e  

I n  order t o  evaluate the  improvements i n  the  performance of an i n l e t  
through the use of simple ;nodificaticns, an inves t iga t ion  of the  external-  
compression s ide i n l e t s  on a fuselage forebody of an a i rp lane  model has 

~~ 
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been conducted i n  the  9- by 7-foot t es t  sec t ion  of the  Ames Unitary Plan 
w-ind t.unnel. The investigat. ion w a s  made t o  determine thc e f f e c t s  on I- 
pressure recovery, s t a b i l i t y  range, and d i s t o r t i o n  of modifications t o  i x  

* 
I 

t h e  basic in le t .  The modifications included (1) boundary-layer removal 
on t h e  second ramp ( r e f .  l), (2)  canting the  ramp and raking the cowl 
( r e f .  2 ) ,  (3) addi t ion of a t o p  f a i r i n g ,  (4 )  addi t ion of a la teral  ramp 
extension, and ( 3 )  f o u r  var ia t ions  of the  area d i s t r i b u t i o n s  of the sub- 
sonic d i f fuser .  The e f f e c t s  of an ex terna l ly  mounted miss i le  on the  i n l e t  
performance were a l so  invest igated.  

SYMBOLS 

AC 

BLC 

m 

M 

P 

R 

W 

a, 

B 

6 

6 

av 

c 

c r  

i n l e t  capture area (-2' canted i n l e t  capture area equals 12.10 sq 
i n . ,  -10' canted inlet  capture area equals 12.87 sq i n .  ) 

boundary-layer control  

mass flow 

Mach number 

pressure . 

Reynolds number per f o o t  

weight r a t e  of flow 

a n g l e  of a t t a c k  r e l a t i v e  t o  wing reference chord 
(Wing reference chord i s  +lo angle of a t tack  r e l a t i v e  t o  fuselage 
center  l i n e . )  

a n g l e  of yaw 

r a t i o  of t o t a l  temperature a t  compressor face t o  standard sea- level  
temperature 

r a t i o  of t o t a l  pressure a t  compressor face t o  standard sea-level 
pres sure 

Subscripts 

average 

capture 

c r i t i c a l  



max 

min 

S 

t 

03 

3 

maximum 

minimum 

stable 

t o t a l  

free stream 

compressor s t a t i o n ,  model s t a t ion  40.3 i n  

APPARATUS 

Model 

The mode1 consis ted of a fuselage fnrehndy w i t h  exteme.! -cnmnress i  on 
s ide  i n l e t s  and wing s tubs.  
t es t  sec t ion  of t he  Ames Unitary Plan 9- by '7-foot wi.nd tunnel  (ref.  3 )  
i s  presented i n  f igu re  1, and a drawing i s  shown i n  Y i g u r e  2)iaj .  

A photograph of t he  model mounted i n  t h e  

The fuselage boundary layer w a s  diver ted by the  inlet  ramp mounted 
0.25 inch out  from t h e  fuselage and by means of a d i v e r t e r  wedge as shown 
i n  f igu re  2 (b ) .  From a total-pressure survey a t  the lead ing  edge of t he  
i n l e t  ramp it w a s  found t h a t  t he  r a t i o  of boundary-layer d i v e r t e r  height  
t o  boundary-layer thickness w a s  equal t o  1. 

Two ramp cant angles w e r e  investigated and drawings ind ica t ing  these  
angles a r e  shown i n  f igures  2(b)  and ( c ) .  
t he  -loo canted ramp the  cowl l i p  was raked from the  top  f a i r i n g  t o  where 
it f a i r e d  i n t o  the  canted ramp at the bottom. 

It should be noted t h a t  with 

The top  f a i r i n g  and l a t e r a l  ramp extension t e s t e d  i n  the  -2' can t  
in le t  a r e  shown i n  f igu res  2 ( e )  and ( f ) .  

The i n l e t  boundary-layer-removal configurations which are presented 
i n  f igu re  2(g) consis ted of 
fuselage s t a t i o n  u.89, and I 2 )  a porous second ramp surface with a 
0.02-inch gap a t  i t s  leading edge. 
w a s  not determined, consis ted of etched perforat ions spaced as shown i n  
f i g u r e  2 (g ) .  The ramp boundary-layer air  w a s  removed by a bleed system 
which vented t o  the  f r e e  stream a t  an o u t l e t  on the  s ide  of t he  canopy 
f a i r i n g .  

1) a 0.125 inch wide f l u s h  s l o t  l oca t ed  a t  

The porous area,  of which the  porosi ty  

c 

The compression ramp angles f o r  each inlet  inves t iga ted  were 5 O  

and.8' f o r  t he  f i rs t  and second ramps, respect ively,  as shown i n  
f igu re  2 ( g ) .  
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. 
The externally mounted missile configuration and the missile storage 

well are shown in figure 2(h). 
! 

The four subsonic diffuser area distributions tested are shown in 
figure 3. The length of constant cross-section area for the short step 
and constant area diffusers was 0.87 and 0.64 hydraulic radii, respectively. 

The basic configuration, designed to operate at M = 2.00, and 
a, = 3 O ,  consisted of the -2O canted ramp inlet, the phase I cowl lip 
(shown in fig. 2(g)), and the phase I diffuser. 
used only with the phase I diffuser. 

The phase I cowl lip was 

TEST PROCEDURE 

Average total-pressure recoveries and mass-flow ratios were computed 
from pressure measurements taken at fuselage station 40.27, assumed first 
stage of the compressor, by a total- and static-pressure survey rake. 
Pressure recoveries were computed by the area weighing method. Mass flow 
was regulated by use of remotely controlled plugs at the exits of the duct 
pas sages . 

Di s tort ions which 
at the compressor rake 

were determined from local total pressures measured I 

are defined as 

f?tmaxpLa:tmin) 

3 

A strain-gage pressure pickup cell was installed on the inboard wall 
of the duct at fuselage station 26.80. Indications of pressure fluctua- 
tions from this cell were used to determine the minimum stable mass-flow 
ratio. Duct flow was considered to be unstable when pressure fluctuations 
exceeded 0.05 pt,. 

All pressure ratios were determined within an accuracy of S.003. 

TEST CONDITIONS 

A summary of the configurations and parameters tested is given in 
' table I. Test results for the configurations which are not presented in 
the figures have been tabulated in table 11. 
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RESULTS AND DISCUSSION 
8 

Performance of the Basic 3O-8' Doubie-Ramp I n l e t  

The performance of t he  bas ic  5O-8' double-ramp i n l e t  without boundary- 
l aye r  removal i s  presented i n  figure 4 f o r  
t h a t  t he  m a x i m  pressure recovery a t  design angle of a t t ack  (3 ' )  w a s  much 
lower than t h a t  t h e o r e t i c a l l y  possible ,  and t h a t  increasing angle of a t t ack  
above the  design angle resu l ted  i n  large lo s ses  i n  pressure recovery and 
reductions i n  s t a b i l i t y  range. Constant weight r a t e  of flow l i n e s  a r e  a l s o  
shown . 

M, = 1.95. These da t a  show 

Ef fec t s  of Boundary-Layer Removal 

Ir? order  t o  improve the  perfommnce at. design a n g l e  of at.t.ack, t,he 
LvullLaly l a y e r  w a s  rcmovca ~ j r  aennc, GI iij n prouc, I-L?~ ZZI-IGCZ, an= i ~ j  

an i n t e r n a l  f l u s h  s l o t  (see f i g .  2 ( d ) ) .  The i n l e t  c h a r a c t e r i s t i c s  t h a t  
v e s u l t  from these means of boundary-layer removal are presented i n  f i g -  
ure  5 .  Removal of the  boundary l aye r  through a porous ramp increased 
m a x i m u m  a t t a i n a b l e  pressure recovery by 6 percent over t he  s o l i d  ramp 
recovery wi th  an accompanying decrease of approxi -a te ly  7 percent i n  
c r i t i c a l  mass-flow r a t i o ,  and with no appreciable change i n  s u b c r i t i c a l  
s t a b i l i t y  range. Further,  the  d i s to r t ion  w a s  a l s o  reduced approximately 
4 percent .  
recovery by 3 percent and improved the  d i s t o r t i o n  by 4 percent over t h a t  
aiiairieci by the bas ic  i n l e t ,  but  a vei-j- liliiited SubCi-ltlCd s tzb i l l l ty  
range r e su l t ed .  

I -  I \  ,- -...-,.. - _ . - _  

The f l u s h  s l o t  configuration increased the  m a x i m u m  a t t a i n a b l e  

Effec ts  of I n l e t  1.lodificationc on 
Angle-of-Attack Performance 

Several  i n l e t  modifications known t o  improve i n l e t  performance a t  
angles of a t t ack  were t e s t ed .  
ing ramp angles from -2' t o  -10' (see f i g .  2 ( c ) ) ,  (2) placing a f a i r i n g  
on top  of t he  -2' canted i n l e t  (see f i g .  2 ( e )  ) , and (3) adding a la teral  
extension t o  the  ramp of the  -2' canted ramp inlet  (see f i g .  2 ( f ) ) .  

These modifications consis ted of (1) cant-  

The r e s u l t s  of modifying the  ramp cant  angle from -2' with la teral  
r. ramp ex-tension t o  -10' without l a t e r a l  ramp extension are presented i n  

f igu res  6(a)  and 6(b) .  
a t  angles of a t t ack  of 6' aad above, and i n  general  increased the sub- 
c r i t i c a l  s t ab le  mass-flow range and the d i s t o r t i o n .  

This modification improved the  pressure recovery 
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The results of adding a top fairing to the inlet can be determined 
The addition of the top fair- 

It is also evident 

s 

from a comparison of figures 6(b) and 7(a). 
ing resulted in a decrease in pressure recovery for. angles of attack greater , 
than 6' and a decrease in stability range at 
that the distortion was increased in general at all angles of attack. 

% = 6'. 

The results of adding a lateral ramp extension are presented in fig- 
ure 7, and it is seen that the pressure recovery and subcritical stability 
characteristics generally were improved. The distortion was increased by 
this modification, however, at angles of attack between 0' and 12'. 
Because more than one modification was often made to a test configuration, 
the results presented probably include aerodynamic interactions. 

The inlet modifications which were used to improve the angle-of-attack 
performance resulted in only minor variations of compressor station total- 
pressure distribution with angle of attack. 
total-pressure distribution with angle of attack is presented in figure 8. 
As would be expected from geometric considerations, the high pressure 
recovery area shifted from a position slightly below center to a position 
at the top of the compressor face as angle of attack increased. 

A typical variation of local 

Effects of Diffuser Area Distribution 
c 

To study the effects on the stability range of the inlet, the diffuser 
was tested with two different area distributions: (1) an initial constant 
area of 0.64 hydraulic radius in length faired into the aft diffuser 
(constant area), and (2) an initial constant area of 0.87 hydraulic radius 
in length which was abruptly joined to the aft diffuser (short step). 
Compared with the phase I modified diffuser, the results of testing these 
modifications showed that none of these diffusers had any significant 
advantage in inlet performance. 
been tabulated in table 11. 

.. 

Test data used for the comparison have 

Effects of an Externally Mounted Missile Configuration 

A missile configuration was externally mounted as shown in figure 2(h) 
to determine its influence on the inlet performance. The results of this 
test are summarized in figure 9. At all angles of attack when the inlet 
would ingest the flow field disturbance from the missile and its support, 
the accompanying loss in pressure recovery amounted to as much as 19 per- 
cent. 
from 19 percent down to 6-1/2 percent at + = 6O, and a maximum increase 
in distortion from 10 to 30 percent at 

, 
The inlet also experienced a large decrease in stability range, 

0 % = 10 . 
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CONCLUSIONS 

An investigation has been conducted to L2termine the effects of 
various inlet modifications on the performance of a double-ramp external- 
compression fuselage side inlet. From the results of the investigation 
the following conclusions were derived: 

1. Maximum attainable pressure recovery at an angle of attack of 3' 
was increased 6 percent over the solid ramp configuration by applying 
boundary-layer removal through a porous ramp. The internal slot boundary- 
layer-removal system increased maximum attainable pressure recovery 3 per- 
cent, but a reduction in subcritical stability range resulted. 

2. Modifications such as inlet ramp canting, top inlet fairing, and 
lateral ramp extension did not consistently improve the angle-of-attack 
performance. As an example, when pressure recovery was improved, distortion 
generally was i ncrexsed . 

3. No significant improvement in inlet stability range was gained 
by incorporating a constant area section in the initiai portion of tne 
subsonic diffuser. 

4. An externally mounted missile and its support system located in 
the inlet flow field caused large penalties in inlet performance. 

A m n c l  T?oonqv.-h P n n f o w  
-.--I-^--- ---- i-_ 

National Aeronautics and Space Administration 
Moffett Field, Calif., Dec. 8, 1958 

1. Allen, John L.: Performance of a Blunt-Lip Side Inlet With Ramp Bleed, 
Bypass, and a Long Constant-Area Duct Ahead of the Engine: 
Numbers 0.66 and 1.5 to 2.1. 

Mach 
NACA RM ~ 5 6 ~ 0 1 ,  1956. 

2. Yeager, Richard A., Beheim, Milton A., and Klann, John L.: Performance 
of Twin-Duct Variable-Geometry Side Inlets at Mach Numbers of 1.5  
to 2.0. NACA RM E56K15, 1957. 

3. Huntsberger, Ralph F.,  and Parsons, John F.: The Design of Large 
High-speed Wind Tunnels. 
Assembly of the AGARD Wind Tunnel and Model Testing Panel, 
Scheveningen, The Netherlands, Rep. AG 1 5 / ~ 6 ,  May 3-7, 1954, 
pp. 127-152. 

NACA paper presented at Fourth General 
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TABU I.- TEST CONDITIONS 

~ 

Configuration 

jO-8' double compression 
surface ramp with -2' inlet 
cant and phase I diffuser 
(a) internal slot BLC 
(b) porous ramp BLC 

Che following configurations 
had 5O-8O double compres- 
sion surface ramp with 
porous ramp BLC vented tc 
side of canopy : 

-10' inlet ramp cant and 
phase I modified diffuser 

-10' inlet ramp cant and 
short step diffuser 

-10' inlet ramp cant and 
constant area diffuser 

-10' inlet ramp cant, phase 
I modified diffuser, 
mi s s ile s expended , 
missile well open 

-10' inlet ramp cant, phase 
I modified diffuser, 
missiles in firing 
posit ion 

-2' inlet ramp cant and 
phase I modified diffuse: 

-2' inlet ramp cant, phase 
I modified diffuser, 
lateral ramp extension 

-2' inlet ramp cant, phase 
I modified diffuser, 
lateral ramp extension, 
top fairing on 

M, 

1*95 

1-95 
1.95 

- .80,2.00 

- .80,2. oc 

t.80~2.0~ 

~.80,2.0c 
1.60 

1.80,2.0~ 

1.80,2. oc 

2.00 

1.80,2. o( 

aw 
.4O ,Oo , 3' ,go ,18O 

0 -4 , o o , 3 O  
-bo, 0' , 3 O ,  9O, 18' 

- 3 O  ,oo, 3' , 6' ?go ,12O ,16' 

- 3 O  ,oo, 3O,6O ,go ,12O,16' 

- 3 O  ,oo , 3 O  ,6O ,go ,12O ,16' 

0' ,6O ,9O ,16O 
-3' ,o0 , 3' ,6O 9' 716' 

oo ,6O ,9O ,16O 

-3O ,o0 , 3' ,6O ,go ,12' ,16' 

-3' ,oo , 3 O ,  6O, 9' ,12' ,16' 

-30,  oo , 3 O ,  6' , 9' ,lZO ,16' 
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3 

6 
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L TABU3 11.- 'EST RESULTS 

~ ~~ 

Configuration: -2O canted ramp i n l e t  with a 5O-8O ramp, phase I cowl l i p ,  phase I diffuser ,  

cu rn 
rf 

I 
4 .87 

.e6 

.70 

.@ 

.70 

.70 

.73 

.86 

.88 

.87 

.77 

.63 

.67 

.n 

- 13 
.13 
.10 
.05 
.&3 
.43 
.30 
.30 
.12 
.39 
.38 

.9m 

.873 

.720 

.647 

.525 
1.058 
1.045 

.930 

.882 

.826 

.585 
16 .954 

.947 

.954 

.952 .81 

.936 1 .a 

.918 .83 

.826 .85 
.14 

.27 

.I9 

.I3 

.08 
.71 
.&I 
.56 
.57 

1: -2O anted ranp i n l e t  w i t h  a 5O-8O ramp, phase I cowl l i p ,  phase 
pomus ramp BLC 

diffuser ,  Configurat: 

L.95 -4 1.001 I I :z .75 
.79 
.81 
. R? . 81 
.eQ 
.24 
.86 
.87 
.88 
.a9 

.34 

.24 

.20 
i R  
.I3 
.14 
.17 
.12 
.11 
.10 
.oa 

I 

L i .33 
173 .32 . 73 
.60 I .43 

I 1  I 

ration: -10' canted r short s tep diffust 3 i n l e t  with a 5O-8' ramp 

- 816 

. n 9  .90 

.615 .85 

.859 .79 

.848 .& 

.834 .83 

.eo6 .84 

.751 -78 

.736 .76 

.671 .74 

.982 .65 

.914 .72 
-8% .73 
-819 e73 
.eo5 .73 
-932 .@ 

1.020 .@ 

- 
.42 
.41 
.52 
.27 
.20 
.20 
.17 
.16 
.52 
.40 
.29 
.2l 
.18 
.I5 
.ll 
.44 
.32 
.26 
.I9 
.15 
.l2 
.ll 
.30 
.24 
.22 
.I9 
. I7  
.14 
.ll 
.09 
.30 
.24 
.21 
.18 
.16 
.14 
.ll 
.09 - 

- 
6 

? 

12 

16 

- 

- 
.25 
.21 
.20 
.ll 
.07 
.?O 
.25 
.a 
.20 
.18 
.14 
.15 
.32 
.28 
.24 
.20 
.18 
.17 
.22 
.36 
.32 
.30 
.38 
.30 
.41  

- 

- 
.078 
. a 5  
.920 
.a36 
.806 
.795 

.741 
-905 

CCn . UUL 

.898 

.@@ 

.831 

.805 

.727 

. 6 5  

.910 

.897 

.873 

.m 

.729 

.682 

.890 . a74 

.860 

.831 

.eo4 

.758 

.710 

.€A4 

.a98 

.868 

.8W 

.831 . a04 

.769 

.743 

.693 

. a34 

- 

~ 

.939 
* 917 
.914 
.818 
.620 
. ppR . $9 
.946 
.934 . go4 
.€Eo 
.773 
.9& 
.969 
.950 
.925 
.9Q2 
.g10 
.801 
.937 
.927 
.913 
.859 . go6 
.813 

.66 

.67 

.72 

.80 

.81 

.81 

.74 

.81 

.73 

.78 

.83 

.e6 

.87 

.88 

.eo 

.77 

.83 

.e6 
-89 
.90 
.91 
.87 
.83 
.87 
.88 
$89 
.90 
.91 
.91 
.8a 
.83 
.87 
.8a 
.89 
.90 
,?I 
.9l  
.88 

.83 

.84 

.85 

.85 

.73 

. 79 

.8 j  

.84 

.85 

.86 

.e6 

.72 

.77 

.81 

.82 

.84 

.e4 

.84 
* 71 
.73 
.76 
.77 .n 
.77 
.@ 

.3l 2.00 

.25 

.23 

.19 

. I8 

.l2 

.06 

.36 

.30 

.28 

.25 

.30 

.29 

.29 

.66 
-30 
.22 
.22 
.24 
.38 
.55 
.44 
.36 
.20 
.16 
.14 
* 17 
.48 
.33 
.29 
.20 
.18 
.I2 
.12 
.33 
.28 

-c . I U  

1.000 .72 
.9@l .76 
.8w .78 
.a& .is 
.€a6 .79 
.752 .72 

1.018 .72 
.973 .78 
.964 .80 

.903 .83 

.7n .78 

.920 .83 

.839 .84 

.%SI .i? 

.974 .82 
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TABLE 11.- TEST RESULTS - Continued 

Configuration: -10' canted ramp inlet with a 5'43' ramp, constant area diffuser ,  porous ramp BLC 

Ma 

1.80 
- 2; %I% 

-3 0.913 .ea1 
.a15 
.735 
.&3 

0 .922 
.915 
.892 
.843 
.796 
.729 
.692 

3 .915 
-914 
.go5 . go1 
.849 
.816 . n7 
-682 

6 .m 
.w 
.884 
.a36 
.a39 
.698 
.693 

9 .a74 
.a73 
.a51 
.823 
.809 
.727 
.696 

Pt3/Pt, APlPt, -I- 
O : E  I O : 2  . 87 .2l 

:$ 1 
.74 .53 
.80 

.77 .48 

.%7 .23 

.% .26 

.ea .22 

.go .14 

.91 .17 

.21 
.go * 19 

.16 

.16 

.10 

.a4 .2% 

.go .16 
.14 
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TABLE 11.- TEST FG3SULTS - Concluded 
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Figure 4.- Performance of basic 5O-8' double ramp side inlet; M, = 1.93. 



20 

.60’ 

-50 

solid ramp, (~ig. 4) 
Flush olct --e-- 
Porous ramp -*- 

Figure 5 .  - 



.ri 
4J 
k 
0 

.rl 
!2 

f 

(a) -loo 

- /" 
50 .60 .80 1.00 1.10 

m 3 k  

i n l e t  can t ,  phase I modified d i f fuser ,  t op  f a i r i n g  on, M, = 2.00. 

Figure 6.- Ef fec t  of i n l e t  cant .  
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Figure 6. - Concluded. 
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(a) Lateral ramp extension on, -2 inlet cant, phase I modified diffuser, 
top fairing off, M, = 2.00. 

Figure 7.- Effect of lateral ramp extension. 
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(b) Lateral ramp extension off, -2' inlet cant, phase I modified diffuser, 
top fairing off, M, = 2.00. 

Figure 7.- Concluded. 
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